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Abstract 
 For a long time past, the directly analytical technique for solids has been 
extensively used to acquire the compound composition of the samples, especially in 
metallurgy, geochemistry, environment, space exploration and other fields. Traditional 
technique of solid analysis is actually a solution-based analytical strategy, in which a 
sample digestion procedure is needed. This has been found to be time-consuming 
laborious and, in some cases, defective or unusable, especially when the sample is 
hazardous, radioactive, or difficult to digest. Hence, the direct solid analytical 
technique is quite preferred in such condition to avoid the defects of solution-based 
analysis, and it has received growing interest in current analytical chemistry. 
 A compact high-irradiance laser ionization time-of-flight mass spectrometry 
(LI-TOFMS) system has been developed in our group, which is the combination of a 
low pressure laser ionization source and a time-of-flight mass analyzer. In this 
dissertation, some novel and typical applications of LI-TOFMS were described, 
including the qualitative and quantitative analysis of different solid samples. Brief 
introductions of these investigations were given as follows: 
1. Multielemental analysis of various kinds of solid samples. Two quantitative 
methods are described here: the first one is the routine calibration curve quantitation, 
in which various matrix-matched standards are required; the second method, which is 
based on the uniform correlation between the signal and elemental concentration of 
different samples, is more convenient for quantitative analysis. This result indicated 
the vast advantage of LI-TOFMS in multielemental analysis of solids. With the 
presence of ambient helium gas in the ion source, most generated ions were 
sufficiently cooled through frequent collisions with the helium atoms, which was 
beneficial to improving the resolution power of the TOF-MS detection. In addition, 
three-body recombinations were also taking place during the collisional processes, 
which results in the preferential charge reduction of highly charged ions, and the 
interference of multicharged ions is largely suppressed. With these achievements, this 
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requirement. 
2. Elemental detection and quantitation of residue samples. In this work, the 
LI-TOFMS system was employed for analysis of residues, which were prepared by 
evaporating mixed salt solutions through a simple procedure. The elemental 
composition acquired from the residues can be used to quantitate the elemental 
concentration of the original solution. The absolute limit of detection (ALOD) of 
LI-TOFMS technique was also evaluated in this research, which can reach 7 × 10-15 g 
for most metal elements. Our results illustrate that LI-O-TOFMS is capable of 
performing ultratrace (at femtogram level) elemental qualification and quantification 
on both solid and solution samples. 
3. Organometallic analysis to simultaneously acquire elemental, fragmental, and 
molecular information. Laser ionization technique was traditionally used in inorganic 
chemical identification, including the elemental analysis and simple molecular 
identification (e.g. oxide, chloride and so on). Our investigation showed that 
LI-TOFMS could also be exceedingly useful for organic analysis, especially for the 
identification of metal contained compounds. With a direct solid sampling procedure, 
LI-TOFMS permits matrix-free analysis of solid analyte with minimal sample 
preparation. This shows special advantages when the analyte was insoluble, 
air-sensitive or easily decomposed. In addition, according to our research, LI-TOFMS 
is capable of integrated acquisition of elemental, fragmental, and molecular 
information from a single target, on the basis of which identification of 
organometallic complexes is simplified and expedited. 
Laser-solid interaction in a low-pressure inert atmosphere is actually a complex 
process, and its essential mechanism has not hitherto been completely understood, 
which has, in a sense, hampered the development of LI-TOFMS in novel analytical 
applications. In addition to the above works, some study on the mechanism of laser 
ionization has also been carried out and will be described in this dissertation. Basing 
on this study, the operating parameters of the instrument was modulated to minimize 
the elemental fractionation and matrix effects during laser ionization, which will be 
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investigation reveals that LI-TOFMS can be an advanced tool in qualitative and 
quantitative analysis of solids in terms of modern mass spectrometry. 
 
Keywords: Laser ionization (LI); Time-of-Flight mass spectrometry (TOFMS); Solid 
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域内就能获得高于 109 W/cm2 的功率密度。若将固体样品置于此区域内，则被辐
射的微区表面将在 10-10 秒内被加热，其中央温度可达到 20000 ～ 50000 K[12]。
在此条件下，物质将被直接溅射成气态成分（蒸汽或是细小颗粒等）而离开样品
表面[13-15]，此时也会产生爆炸式的原子化和离子化效果而形成大量激发态原子或

























谱法（Laser ablation inductively coupled plasma mass spectrometry，LA-ICPMS）
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